SUMMARY
The authors used 52 nonfailing and failing human hearts to develop a simple, high throughput left ventricular myocardial slice model that is stable by ATP and viability assays for at least 3 days. The model supports studies of signaling, contraction, and viral transduction. They use the model to show for the first time that the alpha-1A-adrenergic receptor, which is present at very low abundance in the human myocardium, activates cardioprotective ERK with nanomolar EC50 in failing heart slices and stimulates a positive inotropic effect. This model should be useful for translational studies, to test One challenge with human ventricular myocytes is the technical difficulty of isolation and the relatively low cell yields, making it difficult to do biochemical assays with numerous replicates.
Isolated right ventricular trabeculae can assay protein phosphorylation (7) , but availability of trabeculae with the requisite small size can be limiting (5) . Chopped or hand-cut myocardial pieces can also serve to explore signaling (8, 9) , but limited viability, technical difficulty, or applicability to other assays, such as contraction, are limitations.
As an alternative approach to a human biochemical signaling model, we studied thin slices made from cores of left ventricular (LV) myocardium. Thin slices have a long history of use in other tissues, but there is minimal precedent in heart, especially human (10) .
Others describe human myocardial slices, but there is no report of biochemical signaling, likely due in part at least to limited stability (11) or low numbers of samples (12, 13) .
Here, we describe a simple, reproducible, high-throughput method to generate large numbers of slices from cores of human LV myocardium. We show that these slices are stable and viable over several days, ample time to assay signaling, contraction, and viral transduction. As a test case, we study the effects of the highly selective a1A-adrenergic receptor (AR) agonist A61603. The a1A-AR is expressed in human myocardium, but levels are very low, only 3% of total adrenergic receptors (ARs) in the nonfailing human LV, and 7% in the failing LV (14) . Whether this low level of a1A-ARs mediates detectable signaling or function in the human myocardium is unknown. The slice model shows for the first time that human LV a1A-ARs couple to ERK activation with high potency, and also stimulate a positive inotropic response. MAJOR EQUIPMENT. We used the following major equipment for slice preparation and culture, all from Alabama Research and Development (Munford, Alabama): coring press (MD5000/53000); cylindrical coring tool 8-mm diameter (MP0144); tissue embedding unit (MD2299); Krumdieck tissue slicer (MD4000); titanium meshes (MD0036); and slice incubation unit (MD2500).
HEART COLLECTION. Hearts were explanted, and the coronary arteries were immediately perfused via the aorta with 1 l of ice-cold cardioplegia solution.
Complete blood washout was visualized. Hearts were transported to the laboratory in ice-cold cardioplegia, typically within 2 h after explant. Thomas et al.
Human Alpha-1A-Adrenergic Signaling A P R I L 2 0 1 6 : 1 5 5 -6 7 Cardioplegia for heart collection (Plegisol, 0409-7969-05, Hospira, Lake Forest, Illinois): NaCl 110 mmol/l; KCl 16 mmol/l; CaCl 2 -2H 2 O 1.2 mmol/l; NaHCO 3 10 mmol/l; MgSO 4 -6H 2 O 16 mmol/l; that is ice-cold (pH 7.8) and sterile.
CORING.
Working on an open bench in ice-cold cardioplegia, 2-cm by 2-cm sections were cut from the middle of the LV free wall, and 8-mm diameter cores were generated using a coring press with an 8-mm cylindrical coring tool. Areas with obvious LV scar were avoided. Care was taken to cut the cores perpendicular to the myofiber long axis. After coring, a razor blade was used to remove fat and trabeculae from the epicardial and endocardial surfaces. Cores were embedded in 2% low melting temperature agarose using the tissue embedding unit. triton X100 for 30 min at room temperature. Excess liquid was removed, and a barrier pen was used to trace a border around the sections.
Sections were placed in a humidified chamber, blocked with 125 ml of 5% goat serum in PBS, and rocked for 20 min at room temperature. Excess fluid was suctioned off, and 125 ml of staining buffer with primary antibody (Ab) was added (PBS with 0.2%
Triton X-100 and 1% goat serum with Ab to
Thomas et al. The slices were rinsed in PBS, and frozen at À80 C.
The purple formazan precipitate was solubilized in 1 ml of DMSO (#D5879, Sigma-Aldrich) for 1 h at 37 C with vortexing once at 30 min, and absorbance in 100 ml was quantified relative to DMSO alone, on the GLOMAX Multiþ Detection System. Slices were dabbed dry with Kimwipes, and weighed. Absorbance was referenced to slice wet weight, which was highly correlated with slice protein by Bradford (r 2 ¼ 0.9, p < 0.0001, n ¼ 10). To assess slice morphology, we did immunohistochemistry for b-MyHC, the main human myosin. A slice thickness of 250 mm was the best for both ease of cutting and rapid diffusion into the center of the slice, to avoid hypoxia. To measure diffusion, we took advantage of the red autofluorescence of doxorubicin, which is transported into cell nuclei (18) . Figure 2C shows that doxorubicin was seen in myocyte nuclei at the center of the slice within 1 min,
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Human Alpha-1A-Adrenergic Signaling indicating rapid diffusion. Figure 2C Thomas et al.
Human Alpha-1A-Adrenergic Signaling in myocyte nuclei in the center of the slice within 1 min of incubation, and clean top and bottom surfaces.
Human Alpha-1A-Adrenergic Signaling 38 nmol/mg, n ¼ 5) (19) (20) (21) (22) (23) . The ATP level in failing slices was higher than that seen in failing hearts in the same previous 5 studies (mean 25 nmol/mg, range 20-33). Figure 3A shows that slice ATP did not change significantly over 3 days in culture, in nonfailing or failing heart slices. Figure 3B shows the MTT assay for mitochondrial dehydrogenase activity was also not changed significantly over time.
Together, these data indicated good slice morphology, diffusion, and viability over at least Figure 4B shows that the ISO effect was inhibited by a low concentration of propranolol, confirming b-AR dependence. Figure 4C shows concentration-response data. In Thomas et al.
Human Alpha-1A-Adrenergic Signaling diffusely increased pERK in myocyte cytoplasm with A61603 1 mmol/l 15 min (e.g., asterisks). Abbreviations as in Figure 5 .
Thomas et al. Figure 5A shows a marked increase in pERK with A61603 as low as 1 nmol/l for 15 min. Group data for failing and nonfailing heart slices in Figure 5B indicate in both a maximum 1.8-to 2.2-fold increase in pERK, with an EC50 5 nmol/l (n ¼ 4 to 5).
Failing and nonfailing concentration-response curves did not differ.
Whereas PLN is myocyte specific, ERK is present in myocytes and nonmyocytes, and the latter contribute to ERK phosphorylation in diseased heart (26) . To examine whether the increase in pERK by immunoblot was localized to myocytes, we did pERK immunohistochemistry on frozen sections after 15 min of treatment with A61603. Figure 5C Thomas et al.
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VIRAL TRANSDUCTION OF HUMAN MYOCARDIAL
SLICES. To test whether slices could be used for transduction with virus, we did a pilot study with 1 heart. Slices were infected with adenovirus containing PKD1 with an N-terminal GFP tag.
Supplemental Figure 2 shows GFP immunoreactivity in every myocyte exposed to 250 plaque-forming units of virus, the lowest amount tested, indicating successful transduction.
DISCUSSION
We developed and validated a myocardial slice model to study signaling in the human heart. This simple, cases. This slice model also requires an initial equipment outlay, for the coring press, Krumdieck slicer, and culture incubation unit. We consider these important to the success of the protocol.
Other aspects of the protocol we consider especially important for optimum slices include heart perfusion and transport in cold cardioplegia, with total time from explant to slicing <w4 h; slice cutting parallel to the myocyte long axis; BDM AE blebbistatin in slice preparation and culture; and slice thickness 250 mm. Slice viability was improved by slow calcium reintroduction and adding serum to the culture medium. The detailed protocol we provide in the Methods section should enable replication in other laboratories.
In contrast with prior human myocardial slice reports (11-13), our report is the first used to study biochemical signaling, includes the most hearts by far, studies both failing and nonfailing, and presents a detailed protocol. Only 1 other study used explants, rather than biopsies, and included only 3 hearts (13).
One report studied electrophysiology and contraction in slices cut from LV outflow tract biopsies of patients having valve replacement; 4 to 20 slices were obtained from each patient (12) . The slices were viable as long as 28 days by MTT assay, but the fibroblast marker vimentin was increased by 5-fold at day 4 and by 18-fold by day 28 (12) , raising the possibility that some of the MTT signal at 28 days was from proliferating fibroblasts. In addition, several markers of myocyte differentiation were reduced with time, including myosin light chain 2 mRNA, visible cross striations, contractility, and action potentials (12) . These changes are consistent with the observation that fibroblast overgrowth can impair myocyte differentiation (27) . To minimize such timedependent changes, we advocate using the slices over the first few days, when the slices are most stable.
Using this model, we were able to discover novel translational biology. Thomas et al.
Human Alpha-1A-Adrenergic Signaling inotropic effect that is one-third the magnitude of ISO in nonfailing slices. The a1A-AR via ERK activation is protective in mouse myocytes (24) , and A61603 can prevent apoptosis in the mouse heart in vivo (28) . The present data support the possibility that the protective effect of a1A activation in mouse might extend to the human heart.
STUDY LIMITATIONS. A caveat is that signaling ex vivo might not occur in vivo. However, approaches to study signaling in the human myocardium in vivo are lacking. Human Alpha-1A-Adrenergic Signaling A P R I L 2 0 1 6 : 1 5 5 -6 7
CONCLUSIONS

